Abstract-Previous work has shown that coded excitation can be used to considerably improve the signal-to-noise ratio (SNR) of signals received by transducers of poor sensitivity such as electromagnetic acoustic transducers (EMATs). EMATs are usually driven with signal powers of the order of kWs so that adequate SNR is achieved. With coded excitation these powers can be reduced to as low as 1-5W. A particular feature of the transmitted codes is that they are temporally long and contain intermittent intervals in which reception takes place. Because of the signal length there is concern that excessive movement of the probe or target can result in deterioration of the performance of such a system. Therefore, in this paper we investigate the effect that physical motion of the test piece can have on the acquired signals. Simulated results will be presented and discussed here.
INTRODUCTION
For transduction systems with low SNR (e.g. EMATS) or the inspection of highly attenuative materials the output SNR can be improved by techniques such as averaging. The downside is that this can considerably increase the acquisition time. The acquisition speed can be improved by using techniques such as pulse compression [1] , [2] , [3] . However, conventional pulse compression cannot be used in pulse echo mode without limiting the length of the code or introducing blind zones into the measurement. We have previously reported on a coding technique that can be used to perform pulse compression with long coded sequences in pulse echo mode, i.e. where the transmitter and receiver are the same transducer [4] . The technique is particularly useful for transducers of poor sensitivity that are operated at high frequency and where multiple transducers need to acquire data simultaneously [5] . It also lends itself to integration into systems that do not require A/D conversion and acquire binary signals [6] . The technique emits long sequences of signals which are intermittently received. The received data is then pulse compressed at the receiver yielding a signal that is similar to conventional pulse echo signals, but with much higher signal to noise ratio (SNR). Because of the nature of the temporally long transmitted signal there are concerns about non-stationary effects such as transducer or specimen motion during the acquisition process. This paper quantitatively investigates the effects that are to be expected for acquisition of data on non-uniform specimens while a transducer is moving, in simulation.
II. CODED EXCITATION FOR PULSE ECHO MEASUREMENTS
A. Concept Figure 1 illustrates the concept behind coded excitation. Rather than transmitting a high power short burst, a long coded signal is transmitted and pulse compressed at the receiver so that a temporally short signal is obtained. For pulse compression in general the longer the transmitted code is the better the resultant SNR will be. In conventional coded sequences the length and hence the improvement of the signal SNR is limited by the time it takes for the signal to travel to the closest reflector and back. This is because you cannot receive the incoming signal while you are still transmitting. This limitation can be overcome by inserting reception intervals of random length into the sequence [4] . However, the presence of the reception intervals introduces coherent/ self-noise into the pulse compressed output. Nonetheless, it enables to uniformly spread the energy that is received from within the medium so that pulse echo measurements with long codes are possible. The level of self-noise is directly dependent on the code length and reduces as the code gets longer. 
B. SNR improvement
Equation (1) describes the SNR improvement that can be expected after pulse compression as a result of using a randomly coded excitation with receive intervals.
where p1 represents the probability of the a particular element in the code being a transmit interval or a receive interval, L is the total number of intervals and SNRin is the input SNR of the signal prior to pulse compression. The SNR determination and the process are described in detail in [4] and this is not recalled here for the sake of brevity.
III. SIMULATION SETUP TO INVESTIGATE THE EFFECT OF

MOTION
In this paper we have simulated the signals that are expected to be received on a stationary and non-stationary setup. The stationary setup that was simulated was an ideal transducer on a flat and parallel steel plate and the nonstationary setup was the same transducer that is scanned over a specimen with straight front wall and a) a sloped backwall and b) a rough and uneven backwall of non-uniform thickness. A coded sequence of N=2 10 symbols (tonebursts) was transmitted into the specimen, reverberates within the plate and is received by the transducer. In the simulation each transmission event consists of a 5 cycle Hann windowed toneburst with centre frequency of 2MHz. The setups are shown in figure 2. The received signal is simulated by considering the impulse response of the system. The time delays of the impulse response system are calculated from the specimen thickness and the wave speed. The specimen has a base thickness of 30mm and a longitudinal wave velocity of 6100m/s. By adding up three scaled and shifted copies of the transmitted code and masking (set signal equal to 0) the times at which transmission of the original code takes place the overall received signal is obtained. The output after pulse compression can then be calculated by cross correlating the received signal with the transmitted signal. The process is summarized in figure 3 . Fig. 2 . Illustration of the three setups that were simulated with a transducer emitting waves onto a flat, sloped and rough backwall. 
A. Simulation of the received signal for the non-stationary system (sloped backwall)
The main purpose of this work is to assess the effect of motion of the probe during the acquisition of the long received signal on the overall pulse compressed result. If the thickness of the specimen is not constant and the transducer moves, then the ultrasonic transducer will necessarily emit and receive signals from a sample that has a different thickness. In order to simulate this, the signal was chopped up into discrete segments where transmission and reception occurs (transmission and reception intervals). As the transducer moves along the surface the thickness reduces and therefore for each segment the shift in time between the transmitted signals that are added up also reduces. For motion at constant speed and a sloped backwall there is a linear increase or reduction in thickness, the magnitude of which is determined by the slope. Therefore the timeshift that was applied to each segment varied by starting from a fixed value that is increased or reduced linearly by a certain (variable) amount, so that
where dt(k) is the time shift of the kth interval, the transmitted signal consisting of n transmission intervals, dt(0) is the time shift corresponding to the original sample thickness, dL is the change in overall wavepath, cL is the ultrasonic wave velocity (6100m/s in this paper). Therefore, the overall received signal is created by concatenating the n sums of the 3 scaled and shifted signals of each transmission interval within the transmitted coded.
B. Simulation of the received signal for the system with a rough backwall
The process for simulating a signal that is reflected from a rough surface is very similar. However, instead of dt reducing linearly in time, it is varied by a random perturbation.
where y(k) is a random number that is picked from a Gaussian distribution with zero mean and standard deviation of unity. All other symbols have the same meaning as in equation 2.
IV. SIMULATION RESULTS
Simulations were carried out for several different backwall slopes. The formulation of equation (2) makes it easy to define the total range of specimen thickness change during the motion of the probe, this can either be the result of a rapidly moving probe on a modest slope or a slowly moving transducer on a steep slope. The linearly varying vertical changes that were simulated were 0.15, 0.31, 0.62, 0.93, 1.24 and 2.17 mm representing 5, 10, 20, 30, 40 and 70% of the ultrasonic wavelength at 2MHz for a medium of 6100m/s ultrasonic velocity. Figure 4 shows the results. The data was further analysed and the SNR as a function of the magnitude of the thickness change was extracted. The SNR was calculated in a simplified form by dividing the peak amplitude of the signal by the maximum amplitude of the signal in a region where no echoes were expected. This so derived SNR is shown in figure (6). A code of length 2 10 times 5 cycle tonebursts of 2 MHz centre frequency takes roughly 5ms to transmit. A transducer traveling at 1m/s would hence advance by 5mm over this time period. A 6dB drop in SNR would be expected for a linearly varying thickness change of magnitude 0.5λ. For the parameters that are presented here this represents roughly 1.5mm vertical thickness change over 5mm horizontal distance, i.e. a slope of roughly 17°. Therefore at 1m/s scans on slopes that are smaller than 17° should not considerably influence the signal to noise ratio.
VI. CONCLUSION
This paper has investigated the effect of a changing backwall morphology on ultrasonic measurements that are performed using moving transducers and long coded excitation and pulse compression in pulse echo mode. It can be concluded that small vertical changes of less than 0.1λ ultrasonic wavelength do only cause a small deterioration in the pulse compressed output. However, changes much larger than that can considerably reduce the SNR in the measurement. Rough surfaces are more detrimental than linearly changing backwall slopes. The presented methodology enables quantitative investigations of the expected signal quality for different backwalls and transducer speeds. For example it was determined that changes in SNR at 1m/s scans on linearly varying back walls of angles that are less than 17° are expected to be of the order of 6dB or less.
